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SUMMLLRY

Boost units for test vehicles and missiles have up to the present
used only solid propellants. Because of the need for boost units of
higher thrust and efficiency the possibility of the development of
liquid propellant boost units of total impulse 43,000 and 150,000 lb-sec
has been examined and their performance compared with that of the solid
propellant tyrpe.

The conclusion is reached that whilst 1iquid boost units could be
developed to give a better performance (based on total impulse per unit
weight) than solid boosts known at present, the development of solid
X boosts giving as good, or better performance is equally promising; on
these grounds, therefore, therc seecms little justification for the
development of a liquid boost.

The liquid boost has the advantage, however, of greater flexib
in installation in that the combustion chamber can be fitted at the
rear of the vehicle and thus ensures a purcly axial thrust; at the
time the tanKs can be mounted at any suitable point around the bod
of the vehicle so that the shift in the centre of gravity is reduc
a minimum.

If, the supply of any future high performence solid propellan

insufficient to meet the demand, the development and use of a liquid”
boost motor might be Jjustified on this account alone.
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1 Introduction

To launch a rocket projectile or test vehicle a boost motor giving
a high initial thrust is generally required in order to bring the pro-
Jectile to its working speed range in the minimum time. Up to the present
this field has been covered by solid propellant boost units because of
2 the greater amount of knowledge available and the simplicity of design
and handling as comparcd with licuid propellant motors.

With the higher launching accelcrations and opcrating speeds now
required of projeetiles and test vehieles a considerable improvement in
thrust and efficicncy of solid boost units is required'. An improvement
in efficiency can only bce obtained by an increase in specific impulse of
the propellant or by a reduction in structural weight, and although
developments of solid units along those lines are proceeding, it was
thought desirable to investigate whether it is possible to build a liguid
boost unit giving a better performanee in terms of total impulse per unit
weight than the solid tygpe.

The use of liquid gropellants for boost units does not appear to i
have reccived much attention so far although a number of different types
of liquid rocket motors have been successfully developed. Apart from
a few exccptions no short duration liquid rocket motors hawve becn pro-
duced, one exception being the Taifun of 2% sceonds duration®. This uses
self igniting propellants (nitric acid and W.A.F.I.) and gives a thrust (7
of 1700 1b which is too low in magnitude for a boost unit.

In the present note the possibility of developing liquid propellant
boost units of toetal impulse 43,000 and 150,000 lb-sec is investigated
and their performance is compared with that of existing and proposcd
solid progellant boost units. Thce performance figures are necessarily
approximate as no detailed design work has been done on the liquid boost
units, but they are sufficiently accurate for asscssing the relative
advantages of the two types of system.

2 General reguiremcnts for liquid boost .

Twe sizes of liquid boost unit arc considered: -
(1) total impulse 43,000 1b-scc.
(ii) total impulse 150,000 lb-sce.

The first is equivalent %o the solid bouost unit now in use on R.T.V.T
consisting of seven 5" L.A.P. rockets, fitted in tandem at the rear of

the test vehicle, whereas the sccond is camparable with the size of

boost that will probably be rcquired for test wvehicles the size of R.T.V.Z2.

2 . The addition of the boost unit to the projectile should make the
smallest possible chenge in the shift of the centre of gravity; the
boost whieh is expendable is tc¢ be Jettisoned after use. To make the
unit as safe as possible, non-self-igniting propellants (nitric acid and
kerosene) are eonsidered.

The performance requirements are summarized as follows: -

(1) (i1)

Total impulse (1b-see) 43,000 150,000

Duration (sec) 3% 3%

Thrust (1b) 2,300 (5% toms) 43,000 (19.2 tons)
"Lb i

SECRET




SECRET

Technical Note No. R.E.D.25

3 Description of liquid boost

A number of different boost schemes are considered, but they differ
mainly in the shape and disposition of the propellant tanks. In all cases
the boost combustion chamber is located immediately behind the main rocket
chamber, which conveniently forms an ignitor system for the boost. The
injector, which may be in the form of pre-mixing swirl nozzles, impinging
Jets or ammular slits, may be fitted cither around the periphery of the
injector head or across the c¢xit from the main chamber.

. The -main motor chamber is used as an ignitor on the assumption that
sufficient heat will be available from the combustion gases to ignite
the boost. With this method of ignition it is essential for the main
rocket combustion chamber pressurc to be 3 to 5 atm higher than that of
the boost and hence there is neccssarily a slight reduction in the specific
impulse of the boost motor. During the operation of the boost the thrust
of the mair motor is low, but it will attain its maximum value upon the
release of the boost. A pyrotechnic ignitor for the boost is also con-
sidered, as this will allow the combustion chamber pressure and, therc-
fore, the specific impulse to be raised.

In all cages the weight of the supporting structure for the boost
ig ta§en as 10% of the total weight of the boost unit (including propel-
lants).

Design dstalls are given in Appendices T and IT.

3.1 . "Tandem" boost

A "tandem" arrangement (Scheme 1) is shown in Fig.1. Surrounding
the boost combustion chamber are the propellant tanks, thc nitric acid
tank being to the rear. Thc propellants are fed through inner and outer
chamber coolant jackets on their way to the injectors, although nitric
acid itself would sufficc to cool the chamber. . disadvantage of this
tandcm boost is the shift in the centre of gravity of the combined pro-
jectile and boost aftcr the rolease of the boost since the mass of the
boost unit is located at the rear; this shift is, however, less than that
obtained with the cxisting solid boost of R.T.V.1.

3.2 "Wrap round!" boosts

In these boosts the propellant tanks are "wrapped"around the body
of the test vehicle, the propellant tanks in Schemes 2, 5, 6 and 7
(Fig.2) are in the form of tubes and in Schemes 3 and 4 (Fig.3) in the
form of cylindrical and eiliptical "rings" respectively. For Schemes
3. - 7 the dimensions of ths tanks werce detcrmined on'a minimum weight
basis. The actual size ond disposition of the tanks will be governed,
of course, to a lerge extent by the position, numbcr and movement of the
acrodynamic fins and control surfaces of the projectile.

As in Scheme 1, onc combustion chamber only is used which is fitted
immediately behird the main motor, although in this case the chamber is
uncooled. The injector arrangement remains the same.

L Performonce estimates of liguid boost

The designcd maximum specific impulse is 198 sec which is 9% of
the theoretical value of 220 sec. Because of thc extremely short duration
of the boost it is very important that there should be no wastage of
propellants at the start and end of injection as this can causc quite a
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serious reduction in the mean specific impulse. Ais there appears to be
little practical experience on this point it was decided to compare the
performance of the boost at two different mean specific impulses (a)

167 sec (allowing 1975 propellant wastage) and (b) 185 sec (allowing 7
propellant wastage). Although the value (a) is probably pessimistic,

it does represent a figure that should be fairly easily attained, whercas
the value (b) should be capable of attainment after further development.

4.1 Liquid boost of total impulse 43,000 1b,sec

Comparative weights for Schemes 1 - 6 at a mean specific impulse
of 167 sec arec shovm in Table I from which it will be seccn that the scheme
giving the lowest weight is No.6 (4 x 5" steel tubes) with a total impulse¢/
boost weight ratio of 93. Raising the spccific impulse to 185 sec for
Schemes 3 - 6 gives an increase in total impulsc/boost weight ratio of
sbout 7 in all cases (Tablc II).

The usc of the main rocket combustion chamber as an ignitor for the
boost motor limits the chamber pressure and, therefore, the cfficiency
of thc boost. If an independcnt ignitor system, such as a solid charge,
can be used for the boost motor, then much higher pressures can be used.
Raising the combustion chamber pressurc from 16 to 30 atm increascs the
mean specific impulse from 167 to 177 scc, (allowing 19% propellant
wastage). The resulting reduction in weight for Scheme 6 (Table III)
gives an increase in total impulse/boost weight ratio from 93 to 97 or
L%, 'This improvement in performance is almost entirely due to the
reduction in propellant consumption because of the higher specific
impulse, the dry weights in both coases being almost identical., 1f the
propellant wastagesis reduced from 19% to 7, (giving a mean specific
impulse of 196 scc), then the total impulsc/boost weight ratiq at 30 atm
chamber prossure is incrcasced about 75 and recaches a value of 104.

To sum up, thercforc, Scheme 6 appecars to offer the lightest form of
construction. If the congservative figurc for mean specific impulse of
167 sec, and a chamber pressurc of 16 atm is taken a total impulse/boost
weight ratio of about 93 should be attained. 4t the more optimistic
figures of 196 sec for thc mean specific impulse and 30 atm for the
chamber pressure it should bc posszible to realize a total impulse/boost
weight ratio of about 104. Such liquid boost units would probably take
at least 2 ycars to develop.

4.2 Liquid boost of total impulse 150,000 lb-sec

For the boost of total impulse 150,000 lb-scc the only arrangemecnt
considered was Scheme 7. The estimated weight of this unit at a mean
specific impulsc of 167 sec and a chamber pressure of 16 atm is given in
Table IV. This shows the total impulse/boost weight ratio to be 94 which
is similar to that obtained with the best scheme (No.6) for the smaller
unit.

There appecars to be no rcason why an increasc in chamber pressure
and specific impulse should not give an improvement in performance
comparable to that obtained on the 43,000 lb-sec unit. This means that
the size of liquid boost units (within the limits considered) has very
little cffect on their relative efficiencies. 4 liquid boost unit of
150,000 lb-sec impulse would takec at least 5 years to develop.

5 Performance estimates of solid boost

The efficicncy of a boost unit is best cxpressed in terms of the
total impulsc per unit weight. In the case of the solid propellant,

L
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where multiple motors are generally used, the weight can be either. that
of one motor only, or that of the complcte boost unit:including suppor-
ting structure. In the following paragraphs both these weights are
necessarily used, the efficiency being exprusscd as cither total impulse/
motor weight or total impulse/boost weight.

Solid boost units at present in use utilize either a colloidal or

a plastic propellant. Colloidal. propellants have been extensively used
and there is considerable cxpericnce of them available, They have a
fairly high specific impulse, varying from 185 - 210 sec, but this is
partially offset by the necessity for containing the propellant in a
large stecl tubc., The use of light alloy tubing is under deveclopment
but there are considerable difficultics to be overcome before it can be
regarded as satisfactory.

Plastic propellants are a comparatively recent development, and at
the moment consist of two main types, one being based on sodium nitrate
and the other on ammonium perchlorate., The former typc, which is the
one in most common usc, gives & low spccific impulse of the order of
150 - 155 sec, but because of the higher specific gravity and higher
density of loading it is possible to obtain the same total impulse as
with colloidal propcllants.  The ammonium perchlorate type is the most
recent development and gives' o specific impulse between 185 and 210 sec.
It has however certain temperature limitations which, up to date have
given it only.a restricted application. s ;

5.1 Solid boost of total impulse 43,000 lb-sce

Table V gives comparative data on colleidal and plastic propellants
contained in 5 inch A.T.0. steel  tube motors. Table VI shows some typical
figures for 5 inch light alloy tube motors with sodium nitrate and ammonium
perchlorate fillings. The sodium nitrate motor with a total impulse/
motor weight ratio of 93 has been used until recently on R.T.V.1, but is
now being replaccd by thc ammonium perchlorate motor with a total impulse/
motor weight ratio of 114. Although this particular perchlorate gives
only a moderate specific impulse (185 - 190 scc) it is fairly reliable
and has now been recommended for Service use in the temperate tropical
range of temperatures. j

Aﬁ example of a high performance perchlorate is given in an A.R.E.
report® where a specific impulse of about 210 scc and total impulsc/
motor weight ratio of 130 is quoted for R.D.2209 contained in a 5 inch
light alloy tube. This perchlorate, however, is still under devclopment
and is not yet sufficiently reliable to be passed for Scrvice use.

To sum up therefore it appears that:~

(a) a 5 inch plastic propellant motor bascd on sodium nitrate, and
giving a totallimpulsq/motor weight ratio of 93 is available for use
over a limited temperature rangc.

(b) a b5 inch plastic propellont motor based on ammonium perchlorate
and giving a total impulse/motor weight ratio of 114 has been satisfactorily
developed for & limited temperature range. The extent to which it will
be possible to use it, however, depends mainly on the production of an
adequate supply.

(c) There is a reasonable prospect in the near future of obtaining
a 5 inch plastic propellant motor giving a total impulse/motor weight ratio
of about 130. Although it is difficult to estimate how long this will
S
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take, it is not unrcasonable to assume that it will be of the same order
as that required to produce a comparable liquid unit.

48 the total impulse obtainable firom these 5 inch motors is relatively
low, it is necessary to use a cluster of such motors to obtain higher
impulses. The R.T.V.1 for example uses / of these 5 inch motors mounted
in tandem. To enable a comparison to bc made with the 1iquid boost units
the previously quoted total impulse/motar weight ratio figures of 93,

114 and 130 must be modified to include the weight of the structure
necessary to carry the complcte boost. If the weight of the R.T.V.1
boost is taken as representative of o "tandem" arrangement the weight of
the supporting structure emounts to about 205 of the total boost weight,
thus giving a total impulse/boost weight mitios of 75, 91 and 104 for
total impulse/motor weight ratios of 95. 114 and 130 respectively.

5.2 Solid boost of total impulsc 150,000 lb-sec

The use.of 5 inch motors to give a total impulise of 150,000 lb-sec
is out of the question mainly bccause of the physicel difficulty of
fitting the large number required and the serious loss in efficiency due
to the large weight of the boost structure. .t the prescnt time there
is no large motor available of either the cordite or plastic propellant
type although such motors are under dcvelopment. Details of three motors
now being developed are given in Table VIT, Of these the plastic propel-
lant type in a light 2lloy tubc scems the most suitable as it gives a
higher total impulsc than the cordite (35,000 lb-sec as against 20,000
lb~sec) and a higher total impulse/motor weight ratio (131 as against
114). Although it is not a true comparison it is interesting to note
that these total impulse/motor weight ratios are similar to those quoted
for the 5 inch motors in para 5.1,

To give a total impulse of 150,000 lb-sec, four or five of these
large plastic propellant motors would be required. If a "wrap round"
boost were employed the weight of the boost structure would be lighter
than for a tandem boost and would umount to about 10, of the total boost
weight and give a total impulse/boost weigh®t ratio of 118,

If the cordite motor were used scven or eight of them would be
required, and again if it is assured that a "wrap round" boost with a
structure weight of 10% of the total boost weight is chosen the total
impulse/boost weight ratio is 102.

It is difficult, however, to c¢stimate how long the development of
these large motors will take, but it will probably be at least as long,
if not longer, than that reaquired for o comparable liquid unit.

6 Comparison of liouid and Solid Boost Units

Comparative figures are given below for the performance and
availability of licquid and solid boosts.

Type of boost |_Total Impulse | Time when
: Weight of Boost | available
| 43,000 1b-cec | Solid 75-91 ' Irmediately
wnas . Deatia ] 10 Future
j Liquid 95-104 Future
| 150,000 1b-sec | Solid 102-118 Puture
] e | Liquid 94-105 Puture
- 8 -
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It does not appear, therefore, if a comparison is made purely on a
performance basis, that the liquid boost has any advantage over the solid.

The use of a "wrap round" liquid boost, however, has an operational
advantage over the solid boost in that it permits the use of one large
combustion chamber mounted on the axis of the projectile and thus ensures
a purely axial thrust; in addition the propellant tanks can be mounted
towards the forward c¢nd of the projectile and thus counterbalance the
weight of the combustion chamber so that the shift in the centre of
gravity is reduced to a minimum. On the other hand a liquid boost is
much more complex than a solid boost which is very similar in structure
and easy to handle.

There is one other factor, however, which may outweigh any operational
advantages or disadvantages of cither unit and that is the question of
propellant manufacturing capacity. Whereas the supply of nitric acid and
kerosene offers no great difficulty, the supply of high performance
plastic proprellants based on ammonium perchlorate is very limitedd. Unless,
therefore, the manufacture of perchlorate is stepped up to meet regquire-
ments, the development of a liquid boost unit might well be Jjustified.

7. Conclusions

It should be possible to develop liguid boost units of total impulsc
43,000 1b-sec and 150,000 1lb-sec and valucs of total impulse/boost weight
between about 93 and 105 lb-sec/1b.

This performance is slightly better than that given by existing
solid boosts but the development of improved solid boosts is promising
and on these grounds there scems little justification for the development
of a liquid boost.

The liquid boost has the advantage of grcater flexibility in installa-
tion as the combustion chamber can be fitted at the rear of the vehicle
and thus ensures a purely axial thrust; at the same time the propellant
tanks can be mounted at any suitable point around the body of the vchicle
and so minimizc¢ the shift in the centre of gravity.

The monufacture of high performance plastic propellants in this
country is at present on only a very small scale. If greater manufacturing
capacity is not provided in the near future the development of a liquid
boost unit might be justified on these grounds alone in view of the
availability of nitric acid and kerosene.

-9 -
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APPENDIX I

Design Data for Liquid Boost Unit
of Total Impulse 43,000 1lb-scc

1 Requirements

Total impulse 43,000 lb-sec
Thrust 5% tons (12,300 1b)
Duration 31 sec.

2 Specific impulse and weight of propellant

2.1 Combustion chamber pressure 16 atm

It is assumed that 90 of a theoretical specific impulse of 220
sec may be obtained i.e, the practical figure for the specific impulse
ig 198 sec.

If an additional propellant consumption of (a) 7% or (b) 195 is
allowed for wastage at the start and end of combustion then for

(a) the specific impulse is 185 sec
the total consumption of propellant is 233 1b
and the average rate of flow of propellant is 66.5 1b/sec.

and for

(b) the specific impulse is 167 sec
the total consumption of propellant is 258 1b
and the average rate of flow of propellant is 73.5 1b/sec.

2.2 Combustion chamber pressure 30 atm

It is assumed that 90% of a theoretical specific impulse of 234 sec
may be obtained, i.e. the practical figure for the specific impulse =
210 sec.

If an additional propellant consumption of 1% is allowed for
wastage at the start and end of combustion then the mean value of the
specific impulse becomes 177 sec, the total consumption of propellant
24,2 1b and the average flow rate of propellant 69.5 1b/sec.

The ratio of HNoj/kerosene is 5 : 1 (by weight).

3 Combustion chamber
Chamber Pressure (atm) | 16 16 30
Mean Specific Impulse (sec) ‘ o7 185 T
Characteristic Length (L* in inches)| 50 50 50
Vol. of Chamber (cu.ft) 142 1 4328 ¥ BLeds
Diameter of Chamber (in.) Ui 15 2 VLSS 1D
Diameter of threoat (in.) T.9% 1 1s% Bl

For Scheme 1 (Fig.1) the combustion chamber is cooled by nitric
acid whilst for Schemes 2 ~ 6 (I'igs. 2 and 3) the chamber is an uncooled
metal shell with an inner lining of polygon or similar refractory material.

& Vgl g

|
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Propellant tank pressures

The propellant pressures are as follows: -

For chamber pressure of 16 atmospheres

Chamber pressure 16 atm
Pressure loss between tanks and chamber 10 atm
. . Tank pressures = 26 atm

For chamber pressure of 30 atmospheres

Chamber pressure 30 atm

Pressure loss between tanks and chamber 10 atm

G Propellant tank pressures = RO) o
Materials
Cgmbustion chamber, bx.lrner head, gaseous pipeg Mild steel
lines, release mechanism
Injection component parts 18/8 Stainless Steel
Panks 99.8% aluminium or

mild steel

Liquid pipe lines ' 99.8% Aluminium

- 12 -
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APPENDIX IT

Design Data for Licuid Boost Unit
of Total Impulse 150,000 lb-sec

1 Requirements
Total Impulse 150,000 lb-sec
Duration 3% sec
Thrust 19,2 tons (43,000 1b)

2 Specific impulse and weight of propellant

It is assumed that 90% of a theoretical specific impulse of 220 sec
may be obtained i.e. the practical figure for the specific impulse is 198
sec.

If an additional propellant consumption of 19 is allowed for
wastage at the start and end of combustion then the mean specific impulse
becomes 167 sec, the total consumption of propellant 900 1b and the flow
rate of propellant 257 1lb/sec.

The ratio of HNOB/kerosene is 5 : 1 (by weight)

5, Combustion chamber
Chamber pressure (atm) 16
Characteristic length (L* in inches) 50
Vol. of chamber (cu.ft) 4.98
Diameter of chamber (in.) 22
Diameter of throat (in.) 14,.8

The chamber is an uncooled metal shell with an inner lining of
polygon or similar refractory material.

4 Propellant tank pressures

The propellant tank pressures are as follows:-

Chamber pressure 16 atm
Pressure loss between tanks and chamber 10 atm
", Tank pressures 26 atm
5 Materials

Combustion chamber, burner head, tanks,) Mild Steel
gaseous pipe lines, release mechanism )

Injection component parts 18/8 Stainless steel

Liquid pipe lines 99, & Aluminium
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FIG. 2
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" 6 (4x5 STEEL » )
7 (4x9" - - )

GENERAL ARRANGEMENT OF TANKS FOR

/scnsmes 2,56 AND 7.

SECTION THROUGH A‘A FOR
SCHEME 2- (8X%4 TUBES.

SBOOST COMBUSTION CHAMBER
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